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IN THE CLAIMS 

Please amend claims 2, 4-9, 11-14 as follows: 
2. (Amended) The semiconductor device according to claim 1, 
wherein said power- execution controlling means comprises; 

means for storing information with regard to the power 
consumption, the individual bus operation time and a priority 
of data processing for respective operation modes of said 
plurality of functional units, and 

means for assigning the power consumption and the 
individual bus operation time to the functional unit executing 
said processing successively from the functional units having 
higher priorities of data processing by using said 
information, setting the frequency of said clock signal in 



correspondence with the assigned power consumption and setting 
the assigned individual bus operation time as said bus 
operation time, and supplying a clock control signal for 
causing to operate at the set frequency of the clock signal 
and a bus operation time control signal for causing to use the 
set bus operation time to the functional unit executing said 
processing. 

4. (Amended) The semiconductor device according to claim 1, 
wherein each of said plurality of functional units includes; 

clock selecting means for selecting a clock signal having 
a corresponding frequency from the plurality of clock signals 
by receiving said clock control signal, and data processing 
means operating with the selected clock signal and setting a 
transfer speed of data transmitted to the bus in accordance 
with the bus operation time control signal. 

5. (Amended) The semiconductor device according to claim 1, 
wherein said power- execution controlling means includes means 
for detecting a change of the operation mode in said request 
of changing the operation mode and starts an operation of 
controlling the frequency of the clock signal and the bus 
operation time at a time point of detecting any change of the 
operation mode of the functional unit executing the 
processing. 



6. (Amended) The semiconductor device according to any one 
of claim 1, wherein said power- execution controlling means 
includes means for calculating a total of the power 
consumption of the functional unit executing the processing 
and controls to lower the clock frequency of the functional 
unit having a low priority of data processing so that a total 
of the calculated power consumption does not exceed the limit 
of power consumption provided to the semiconductor device. 

7. (Amended) The semiconductor device according to claim 1, 
further comprising: 

voltage detecting means for detecting a voltage of a 
power source used internally, 

wherein said power- execution controlling means calculates 
a total of the power consumption of the functional unit 
executing said processing by the voltage detected by using 
said voltage detecting means. 



8. (Amended) The semiconductor device according to claim 1, 
further comprising: 

an external memory for storing the information with 
regard to the power consumption, the individual bus operation 
time and the priority of data processing for respective 
operation modes of said plurality of functional units, and 

external memory controlling means for controlling 
operation of the external memory. 



wherein said power- execution controlling means comprises; 
storing means for storing the information of the external 
memory read by the external memory controlling means, and 

means for assigning the power consumption and the 
individual bus operation time to the functional unit executing 
said processing successively from the functional units having 
higher priorities of data processing by using the information 
stored to said storing means, setting the frequency of said 
clock signal in correspondence with the assigned power 
consumption and setting the assigned individual bus operation 
time as said bus operation time, and supplying a clock control 
signal for causing to operate at the set frequency of the 
clock signal and a bus operation time control signal for 
causing to use the set bus operation time to the functional 
unit executing said processing. 

9. (Amended) The semiconductor device according to claim 1, 

wherein each of said plurality of functional units 
includes sub memory means for storing the information with 
regard to the power consumption, the individual bus operation 
time and the priority of data processing for respective 
operation modes, and 

wherein said power- execution controlling means includes; 

storing means for reading and storing the information 
stored to the sub memory means, and 

means for assigning the power consumption and the 
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individual bus operation time to the functional unit executing 
said processing successively from the functional units having 
higher priorities of data processing by using the information 
stored to the storing means, setting the frequency of said 
clock signal in correspondence with the assigned power 
consumption and setting the assigned individual bus operation 
time as said bus operation time, and supplying a clock control 
signal for causing to operate at the set frequency of the 
clock signal and a bus operation time control signal for 
causing to use the set bus operation time to the functional 
unit executing said processing. 

11. (Amended) The semiconductor device according to claim 10, 
wherein said power- execution control circuit comprises; 

a power- execution control table for storing information 
with regard to the power consumption, the individual bus 
operation time and priorities of data processing for 
respective operation modes of said plurality of functional 
units, 

a clock control circuit for assigning the power 
consumption to the functional unit executing said processing 
successively from the functional units having higher 
priorities of data processing by using said information and 
outputting said clock control signal by setting the frequency 
of the clock signal in correspondence with the assigned power 
consumption, and 



a bus control circuit for assigning the individual bus 
operation time to the functional unit executing said 
processing successively from the functional units having the 
higher priorities of data processing and outputting said bus 
operation time control signal by setting the assigned 
individual bus operation time as said bus operation time. 

12. (Amended) The semiconductor device according to claim 10, 
wherein said power- execution control circuit starts an 
operation of outputting said clock control signal and said bus 
operation time control signal at a time point of outputting a 
request of changing any operation mode of the functional unit 
executing the processing. 

13. (Amended) The semiconductor device according to claim 10, 
wherein said power-execution control circuit includes a 
circuit for calculating a total of the power consumption of 
the functional unit executing the processing and controls to 
lower the clock frequency of the functional unit having a 
lower priority of data processing so that a total of the 
calculated power consumption does not exceed a limit of power 
consumption provided to the semiconductor device. 

14. (Amended) The semiconductor device according to claim 10, 
further comprising: 

a voltage detector for detecting a voltage of a power 



source used internally, 

wherein said power- execution control circuit calculates a 
total of the power consumption of the functional unit 
executing said processing by using the voltage detected by the 
voltage detector. 

REMARKS 

Entry of this amendment prior to examination is 
respectfully requested. 

By the present amendment, the multiple dependent format 
of certain claims has been changed to single dependency 
format. Also, the term "block" used in claims 2, 8, 9 and 11 
has been replaced with the term "unit" since this is the 
terminology used in the specification. 

Attached hereto is a marked-up version of the changes made to 
the claims by the current amendment. The attached page is 
captioned " Version with markings to show changes made. " 

If the Examiner believes that there are any other points 
which may be clarified or otherwise disposed of, either by 
telephone discussion or by personal interview, the Examiner is 
invited to contact applicants' undersigned attorney at the 
number indicated below. 

To the extent necessary, the applicants petition for an 
extension of time under 37 CFR 1.136. Please charge any 
shortage in the fees due in connection with the filing of this 
paper, including extension of time fees, to the deposit 



account of Antonelli, Terry, Stout & Kraus, Deposit Account 
No. 01-2135 (520.41005X00). 

Respectfully submitted, 

ANTONELLI, TERRY, STOUT & KRAUS, LLP 

Gregory E. Montone 
Registration No. 28,141 

GEM/kd 

(703) 312-6600 
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IN THE CLAIMS : 

Claims 2, 4-9, 11 and 14 have been amended as follows: 

2. (Amended) The semiconductor device according to claim 1, 
wherein said power- execution controlling means comprises; 

means for storing information with regard to the power 
consumption, the individual bus operation time and a priority 
of data processing for respective operation modes of said 
plurality of functional units, and 

means for assigning the power consumption and the 
individual bus operation time to the functional [block] unit 
executing said processing successively from the functional 
[blocks] units having higher priorities of data processing by 
using said information, setting the frequency of said clock 
signal in correspondence with the assigned power consumption 
and setting the assigned individual bus operation time as said 
bus operation time, and supplying a clock control signal for 
causing to operate at the set frequency of the clock signal 
and a bus operation time control signal for causing to use the 
set bus operation time to the functional unit executing said 
processing. 

4. (Amended) The semiconductor device according to [any one 
of claims 1 through 3] claim 1 , wherein each of said plurality 
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of functional units includes; 

clock selecting means for selecting a clock signal having 
a corresponding frequency from the plurality of clock signals 
by receiving said clock control signal, and data processing 
means operating with the selected clock signal and setting a 
transfer speed of data transmitted to the bus in accordance 
with the bus operation time control signal. 

5 . (Amended) The semiconductor device according to [any one 
of claims 1 through 3] claim 1 , wherein said power- execution 
controlling means includes means for detecting a change of the 
operation mode in said request of changing the operation mode 
and starts an operation of controlling the frequency of the 
clock signal and the bus operation time at a time point of 
detecting any change of the operation mode of the functional 
unit executing the processing. 

6 . (Amended) The semiconductor device according to any one 
of [claims 1 through 3] claim 1 , wherein said power- execution 
controlling means includes means for calculating a total of 
the power consumption of the functional unit executing the 
processing and controls to lower the clock frequency of the 
functional unit having a low priority of data processing so 
that a total of the calculated power consumption does not 
exceed the limit of power consumption provided to the 
semiconductor device. 
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7 . (Amended) The semiconductor device according to [any one 
of claims 1 through 3] claim 1 , further comprising: 

voltage detecting means for detecting a voltage of a 
power source used internally, 

wherein said power-execution controlling means calculates 
a total of the power consumption of the functional unit 
executing said processing by the voltage detected by using 
said voltage detecting means. 

8. (Amended) The semiconductor device according to claim 1, 
further comprising: 

an external memory for storing the information with 
regard to the power consumption, the individual bus operation 
time and the priority of data processing for respective 
operation modes of said plurality of functional units, and 

external memory controlling means for controlling 
operation of the external memory, 

wherein said power-execution controlling means comprises; 
storing means for storing the information of the external 
memory read by the external memory controlling means, and 

means for assigning the power consumption and the 
individual bus operation time to the functional [block] unit 
executing said processing successively from the functional 
[blocks] units having higher priorities of data processing by 
using the information stored to said storing means, setting 

11 



the frequency of said clock signal in correspondence with the 
assigned power consumption and setting the assigned individual 
bus operation time as said bus operation time, and supplying a 
clock control signal for causing to operate at the set 
frequency of the clock signal and a bus operation time control 
signal for causing to use the set bus operation time to the 
functional unit executing said processing. 

9. (Amended) The semiconductor device according to claim 1, 

wherein each of said plurality of fxmctional units 
includes sub memory means for storing the information with 
regard to the power consumption, the individual bus operation 
time and the priority of data processing for respective 
operation modes, and 

wherein said power- execution controlling means includes; 

storing means for reading and storing the information 
stored to the sub memory means, and 

means for assigning the power consumption and the 
individual bus operation time to the functional [block] unit 
executing said processing successively from the functional 
[blocks] units having higher priorities of data processing by 
using the information stored to the storing means, setting the 
frequency of said clock signal in correspondence with the 
assigned power consumption and setting the assigned individual 
bus operation time as said bus operation time, and supplying a 
clock control signal for causing to operate at the set 
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frequency of the clock signal and a bus operation time control 
signal for causing to use the set bus operation time to the 
functional unit executing said processing. 

11. (Amended) The semiconductor device according to claim 10, 
wherein said power- execution control circuit comprises; 

a power-execution control table for storing information 
with regard to the power consumption, the individual bus 
operation time and priorities of data processing for 
respective operation modes of said plurality of functional 
units , 

a clock control circuit for assigning the power 
consumption to the functional [block] unit executing said 
processing successively from the functional [blocks] units 
having higher priorities of data processing by using said 
information and outputting said clock control signal by 
setting the frequency of the clock signal in correspondence 
with the assigned power consumption, and 

a bus control circuit for assigning the individual bus 
operation time to the functional [block] unit executing said 
processing successively from the functional [blocks] units 
having the higher priorities of data processing and outputting 
said bus operation time control signal by setting the assigned 
individual bus operation time as said bus operation time. 

12 . (Amended) The semiconductor device according to claim 10 
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[or 11] , wherein said power-execution control circuit starts 
an operation of outputting said clock control signal and said 
bus operation time control signal at a time point of 
outputting a request of changing any operation mode of the 
functional unit executing the processing. 

13 . (Amended) The semiconductor device according to claim 10 
[or 11] , wherein said power- execution control circuit includes 
a circuit for calculating a total of the power consumption of 
the functional unit executing the processing and controls to 
lower the clock frequency of the functional unit having a 
lower priority of data processing so that a total of the 
calculated power consumption does not exceed a limit of power 
consumption provided to the semiconductor device. 

14 . (Amended) The semiconductor device according to claim 10 
[or 11] , further comprising: 

a voltage detector for detecting a voltage of a power 
source used internally, 

wherein said power-execution control circuit calculates a 
total of the power consumption of the functional unit 
executing said processing by using the voltage detected by the 
voltage detector. 
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DESCRIPTION 



SYSTEM LSI 
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5 Technical Field 

The present invention relates to a system on chip 
technology for integrating a circuit having a system function 

in a single piece of chip , particularly to a semiconductor device 
^ constituted by a plurality of functional units for executing 

l«i 10 a plurality of kinds of data processing by using the functional 

>i% units . 

4'i 
CI 
gi 

B Background Art 

rlii A system LSI (Large Scale Integrated circuit) is mounted 

rti 

15 with a plurality of functional units and executes various kinds 
of data processing by connecting these by a bus (common line) . 
According to such a system LSI, it is normal that an integration 
scale is generally large and power consumption is increased 
in accordance therewith. Therefore, a chip is set with a limit 

20 of power consumption determinedby a package, a cooling condition 
or the like . For example , according to a normal plastic package , 
an upper limit value thereof is about 1 . 5 watt. When the value 
is exceeded, operation temperature of the chip is elevated and 
LSI is operated erroneously. Therefore, conventionally, a 

25 total of maximum power consumption probable in all of the 



functional units is defined as power consumption of the system 
LSI and LSI is designed so that the power consumption does not 
exceed a limit of the power consumption. 

Further, there also is carried out a design for reducing 
power consumption of a system LSI switched ON with a power source 
within a range of the limit of power consumption. A number 
of the system LSI is constituted by a CMOS (Complementary Metal 
Oxide Semiconductor) circuit and therefore, when a clock 
frequency is lowered, power consumption of the CMOS circuit 
is reduced. Hence, there has been carried out a control of 
reducing a frequency of a clock signal to a functional unit 
which is not related to specific operation , that is , a functional 
unit which does not execute data processing or stopping a clock 
therefor. Each functional unit is operated in accordance with 
instruction of CPU and therefore, there is carried out such 
a control of low power consumption formation to a functional 
unit which needs not to execute the instruction. For example, 
Japanese Patent Laid-Open (Kokai) No. Hei 8-272479, describes 
that power consumption is reduced by increasing a clock frequency 
of a functional unit executing instruction of CPU and reducing 
a clock frequency of a functional unit which does not need to 
execute the CPU instruction. 

In recent years, progress of the multimedia field is 
remarkable and in accordance therewith, there is increased 
market needs for a system LCI integrated with a microprocessor 
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having both of high function and low power consumption 
performance and exclusive functional units. 

Further, by progress of technology of fabricating a 
semiconductor , a number of gates which can be integrated , exceeds 
5 a million gates and a number of functional units are integrated 
to the same chip. Therefore, even when power consumption of 
each functional unit is small, power consumption is increased 
by simultaneously operating all the integrated functional units 
and it becomes difficult to design LSI so that a total of maxima 

10 of power consumption of all the functional units does not exceed 
the limit of power consumption of LSI. 

Therefore, in order to increase the limit of power 
consumption, adoption of an expensive package having a heat 
radiating effect or forced cooling such as air cooling or water 

15 cooling is unavoidable and there is brought about a situation 
in which low cost forming means such as use of an inexpensive 
package or under a windless state cannot be used. 

Disclosure of Invention 

20 It is an object of the invention to provide a semiconductor 

device capable of mounting a number of functional units without 
using a package having a high heat radiating effect or forced 
cooling. 

There is normally included a functional unit capable of 
2 5 reducing operation frequency in comparison with other 



functional unit in a plurality of functional units mounted to 
a system LSI in executing instruction of CPU. For example, 
in a system LSI used in a digital TV in the multimedia field, 
a game machine or the like, there are integrated various kinds 
of functional units such as graphics, image processing, voice 
processing, peripheral interface or the like, among them, 
graphics, peripheral interfaces or the like are frequently 
permitted to reduce operation frequency. Meanwhile, in cases 
of image processing and voice processing, real time processings 
are frequently executed and therefore, set operation 
frequencies are frequently not permitted to change. 

Further, operation frequency of a functional unit is set 
in accordance with content of data processing. For example, 
in the case of image processing, there is set operation frequency 
which differs in accordance with resolution of image to be 
processed or degree of image compression. 

Further , in the following , assume that a state of operating 
at a certain frequency is referred to as an operation mode at 
the frequency. For example, when there are high frequency, 
middle frequency and low frequency in the frequency and a 
functional unit is operated at middle frequency, the functional 
unit is brought into an operation mode of middle frequency. 

The inventors have paid attention to the fact that even 
when a total of maximum power consumption probable in all the 
functional units exceeds the limit of power consumption. 



operation can be carried out when a total of instantaneous power 
consumption (hereinafter, the total is referred to as '"peak 
power consumption") of functional units in operation, does not 
exceed the limit of power consumption and such a peak power 
consumption can be set by controlling operation frequency for 
each of the functional units executing the processing. In such 
a case, a priority is set in accordance with a degree of 
probability of changing operation frequency in accordance with 
content of the processing. That is, when the operation 
frequency cannot be changed, the priority becomes higher and 
when the operation frequency can be changed , the priority becomes 
lower . 

The invention has been carried out in view of the 
above-described. That is, in order to achieve the 
above-described object, according to the invention, there is 
provided a semiconductor device characterized in comprising 
operation mode outputting means provided to each of a plurality 
of functional units for outputting a request of changing an 
operation mode at a frequency in operation to other operation 
mode in accordance with a data processing content, and 
power-execution controlling means for controlling a frequency 
of a clock signal and a bus operation time used by the functional 
unit executing a processing so that a total of power consumption 
of the functional unit executing- the processing in the plurality 
of functional units does not exceed limit of power consumption 



provided to the semiconductor device in accordance with the 
request of changing the operation mode. 

When such means are adopted, the functional units are 
operated by operation modes in accordance with a processing 
content of a real time processing or the like and accordingly, 
a number of the functional units can be operated by power 
consumption lower than maximum power consumption thereof and 
there can be realized the semiconductor device capable of 
mounting a number of functional units without using a package 
having a high heat radiating effect or forced cooling. 

The power-execution controlling means can be constituted 
by, for example, means for storing information with regard to 
the power consumption, the individual bus operation time and 
a priority of data processing for respective operational modes 
of the plurality of functional units and means for assigning 
the power consumption and the individual bus operation time 
to the functional block executing the processing successively 
from the functional blocks having higher priorities of data 
processing by using the information, setting the frequency of 
the clock signal in correspondence with the assigned power 
consumption and setting the assigned individual bus operation 
time as the bus operation time, and supplying a clock control 
signal for causing to operate at the set frequency of the clock 
signal and a bus operation time control signal for causing to 
use the set bus operation time to the functional unit executing 
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the processing. 

Further, the means for storing the information can be 
constituted by a power-execution control table for storing the 
information, andthemeans for supplying the clockcontrol signal 
5 and the bus operation time control signal to the functional 
unit executing the processing, can be constituted by a clock 
control circuit and a bus control circuit respectively 
generating and outputting the clock control signal and the bus 
1^.^ operation time control signal. 

5 10 Each of the plurality of functional units can further 

^® constituted by clock selecting means for selecting a clock 

CI; signal having a corresponding frequency from the plurality of 

s clock signals by receiving the clock control signal, and data 

U 

processing means operated by the selected clock signal and 
i=| 15 setting a transfer speed of data transmitted to the bus in 
P'' accordance with the bus operation time control signal in addition 

to the operation mode outputting means. 

Further, although in the above-described, the storing 
means of the power-execution controlling means stores the 
20 information of the respective functional units together, 
separately therefrom, it is possible that the information of 
the respective functional units is stored to a memory apparatus 
(memory) at outside of the semiconductor device, the 
power-execution control means reads the information stored to 
25 the external memory apparatus in initializing and stores the 
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information to the storing means and the clock frequency and 
the bus operation time of the functional unit executing the 
processing are controlled by using the stored information. 

That is, the power-execution control means assigns the 
5 power consumption and the individual bus operation time to the 
functional block executing the processing by using the 
information stored to the storing means successively from the 
functional blocks having higher priorities of data processing, 
U ^^"^^ frequency of the clock signal in correspondence with 

lEl "^^ assigned power consumption and sets the assigned individual 

;||; bus operation time as the bus operation time, and supplies the 

itl clock control signal for causing to operate at the set frequency 

. of the clock signal and the bus operation time control signal 

Hi for causing to use the set bus operation time to the functional 

m 

M 15 unit executing the processing. 



or 



Further, further separately therefrom, it is possible 
that each of the functional units includes sub memory means, 
the information of the functional unit per se is stored to the 
sub memory means and the power-execution control means reads 
the respective information stored to the sub memory means in 
initializing and stores the information together to the storing 
means and controls the clock frequency and the bus operation 
time of the functional unit executing the processing by using 
the stored information. 

That is, the power-execution control means assigns the 
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power consumption and the individual bus operating time to the 
functional block executing the processing by using the 
information stored to the storing means successively from the 
functional blocks having higher priorities of data processing, 
5 sets the frequency of the clock signal in correspondence with 
the assigned power consumption and sets the assigned individual 
bus operation time as the bus operation time, and supplies the 
clock control signal for causing to operate at the set frequency 
1^5, of the clock signal and the bus operation time control signal 

h 

Q 10 for causing to use the set bus operating time to the functional 
i|| unit executing the processing. 



Brief Description of Drawings 



W Fig. 1 is a block diagram of a system LSI for explaining 

'if ^ first embodiment of a semiconductor device according to the 

^" invention, Fig. ^ 2 is a block diagram of a clock selector used 

in the first embodiment, Fig.^__3^is a diagram for explaining 
information stored in a power-execution control table used in 
the first embodiment. Fig. 4 is a diagram for explaining a 
20 sequence of power consumption and bus operation time control 
in the first embodiment. Fig. 5 is a flowchart diagram for 
explaining the power consumption control in the first embodiment , 
Fig. 6is a flowchart diagram for explaining the bus operation 
time control in the first embodiment. Fig. 7 is a block diagram 
25 for explaining a bus control circuit used in the first embodiment , 
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Fig. 8 is a circuit diagram for explaining a voltage detector 
used in the first embodiment. Fig. 9 is a block diagram of a 
system LSI for explaining a second embodiment of the invention. 
Fig. 10 is a block diagram of a system LSI for explaining a 
third embodiment of the invention, and Fig.-ii-is a diagram 
for explaining information stored to a power-execution memory 
of a functional unit used in the third embodiment. 



Best Mode for Carrying Out the Invention 
j=fi 10 Further detailed explanation will be given of a 

.g semiconductor device according to the invention in reference 

Q to several embodiments illustrated in the drawings as follows. 

s Further, the same notation in Fig. 1 through Fig. 11 indicates 

fW the same object or a similar object. 

V? 

ffi 15 (Embodiment 1) 

K* 

^ Fig- 1 is a block diagram of a system LSI showing a first 

embodiment of the invention. The system LSI is constituted 
by a clock generator 101, functional units 104 through 107, 
a power-execution control circuit 109 and a voltage detector 

20, 110. Specif ically, the functionalunit 104 is amicroprocessor, 
the functional unit 105 is an image processing circuit, the 
functional unit 106 is a voice processing circuit and the 
functional unit 107 is a peripheral module. The functional 
units 104 through 107, the power-execution control circuit 109 

25 and the voltage detector 110 are connected to each other by 



an internal bus 10. 

The clock generator 101 is constituted by a clock 
oscillator 102 and a clock divider 103 for subjecting an output 
signal of the clock oscillator 102 to frequency conversion into 
clock signals 115a through 115c from high frequency to low 
frequency by the clock divider 103 and distributing the clock 
signals to the functional units 104 through 107. Frequencies 
of clock used in the embodiment are three kinds of high frequency , 
middle frequency and low frequency. 

The functional units 104 through 107 are respectively 
constituted by clock selectors 214 through 217 , data processing 
circuits 224 through 227 and operation mode output circuits 
304 through 307. 

The clock selectors 214 through 217 select predetermined 
clocks from the plurality of input clocks 115a through 115c 
in accordance with clock control signals 414 through 417 from 
the power-execution control circuit 109. 

The data processing circuits 224 through 227 execute 
operation processing or data processing necessary in the 
functional units. Operation processing frequency at this 
occasion is dependent on clock frequencies selected by the clock 
selectors 214 through 217. When high-speed clock is selected, 
operation is executed at high frequency and when low frequency 
clock is selected, operation is executed at low frequency. 

When operation modes at frequencies designated by the 
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clock control signals 414 through 417 are incosistent with 
operation modes necessary in view of contents of processings, 
the operation mode output circuits 304 through 307 output 
operation mode change request signals requesting in which 
operation modes (high frequency, middle frequency, low 
frequency) the functional units 104 through 107 intend to operate , 
to the power-execution control circuit 109 as operation mode 
output signals 444 through 447. 

The power-execution control circuit 109 is constituted 
by a power-execution control table 404 constituting storing 
means, a clock control circuit 401 and a bus control circuit 
402 and control operation clock frequency and bus operation 
time in correspondence with the operation mode change request 
signals 444 through 447 outputted from the respective functional 
units . 

The power-execution control table 404 is stored with 
information with regard to power consumption, individual bus 
operation time and priority of processing in accordance with 
operation mode of each functional unit. 

The clock control circuit 401 controls operation clock 
frequency of each functional unit so that a functional unit 
having a high priority of processing is acknowledged to consume 
more power and with regard to a functional unit having a low 
priority , consumed power is reduced in reference to the operation 
mode change request signals 444 through 447 outputted from the 
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1=4 . 

nt LSI. 



respective functional units and power consumption and priority 
of the power-execution control table 404. 

The bus control circuit 402 gives more bus operation time 
to a unit having a high priority of processing and controls 
bus operation time with regard to a functional unit having a 
low priority so that bus operation time is shortened in reference 
to individual bus operation time of the power-execution table 
404 and operation clock frequency (operation mode) of each 
functional unit determined by the clock control circuit 401 
to thereby control bus transfer speed. 

The voltage detector 110 is a circuit for calculating 
actual operation voltage of LSI by comparing reference voltage 
Vref supplied from outside of LSI and power source voltage of 



2J 15 Anexplanationwillbegivenof operation of the respective 

M. circuits as follows. The functional units 104 through 107 are 

operated by a clock at low frequency having small power 
consumption, that is, brought into an operation mode at low 
frequency at an initial state of operation. When following 
20 factors are present, each functional unit changes the operation 
mode in correspondence with the factors to thereby meet 
processing request. The factors for changing the operation 
mode in the respective functional unit are as follows. 

In the case of the microprocessor 104 , the microprocessor 
25 104 is changed into an operation mode which needs high frequency 



processing by an interruption request (604) such as keyboard, 
peripheral device or the like from outside. Further, also when 
a processing program which needs high frequency or middle 
frequency processing in the microprocessor 104, the 
microprocessor 104 is changed into an operation mode which needs 
high frequency or middle frequency processing. 

According to the image processing circuit 105, the 
operation mode is changed by setting parameters of image 
processing such as image quality, pixel size, frame number, 
encoding system or the like from the microprocessor 104. When 
an image having a high image quality is processed, high frequency 
processing is requested. Further, when a processing is executed 
by thinning a frame or a field or coarsening image quality, 
image processing can be executed at comparatively low frequency . 

In the case of the voice processing circuit 106 , processing 
frequency differs by sound quality or encoding system. When 
voice having high quality is encoded or decoded, the voice 
processing circuit is changed into high-speed operation mode. 
Further, in the case of voice processing, there is a case in 
which a real time processing is indispensable and in order to 
realize the real time processing, it is necessary to heighten 
a priority of processing and execute the processing more 
predominantly than other functional units. 

In the case of the peripheral module 107, operation mode 
is changed by data transfer request (607) from peripheral device 
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or a network or an amount of data transmitted per unit time. 
When the amount of data is large , high speed processing is needed 
and when the data amount is small or a network is retarded, 
these can be dealt with sufficiently by low frequency processing. 

When the functional units 104 through 107 receive these 
request signals at inside thereof, the functional units output 
the operation mode change requests 444 through 44 7 from the 
operation mode output circuits 304 through 307 to the 
power-execution control circuit 109. 

In correspondence with the operation mode change requests 
444 through 447 from the respective functional units, the 
power-execution control circuit 109 heightens a frequency of 
an operation clock of each functional unit and changes allocation 
of the bus operation time to prolong in accordance with the 
priority of processing of each functional unit. 
Further, the power-execution control circuit 109 lowers the 
frequency of the operation clock of each functional unit and 
changes allocation of the bus operation time to shorten when 
each functional unit transmits a request to change to a mode 
operating at low frequency after temporarily constituting 
operation mode at high frequency. 

Fig. 2 shows a constitution of the clock selector 214. 
In the drawing, there are also shown waveforms of three kinds 
of the clock signals 115a through 115c. Relative to a clock 
frequency fc, a frequency of the high speed clock signal 115a 
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is 2fc twice as much as the clock frequency fc and a frequency 
of the low frequency clock signal 115a is fc/2 of a half thereof. 
The clock selector 214 is constituted by a selector 234 of clock 
and switches the three kinds of clocks 115a through 115c by 
5 using the clock control signal 414. 

The clock switch control signal 414 is a signal of 2 bits, 
and with regard to 2 bits, frequencies are set as follows. 
(0,0): Middle frequency clock (115b) 
i_= (0,1): Low frequency clock (115c) 

^5 10 (1,0): High frequency clock (115a) 

(1,1): Prohibition (clock signal is not selected) 

Further, although according to the example, the 
multiplication factor is set to twice and half, clock radio 
\a is not specified thereto. 

K| 15 Further, although according to the invention, an 

= explanation has been given such that the clock divider 103 is 

arranged at inside of the clock selector 101, clock can be 
controlled to switch by arranging the clock divider 103 to inside 
of each of the clock selectors 214 through 217. 
20 Next, an explanation will be given of the power-execution 

control circuit 109. First, an explanation will be given of 
data set to the power-execution control table 404. Fig. 3 shows 
an example of data stored to the power-execution speed control 
table 404. 

25 There are three kinds of a high frequency clock mode (200 MHz) , 



a middle frequency clock mode (100 MHz) and a low frequency 
clock mode (50 MHz) in the operation modes and power consumption 
451a, individual bus operation time 451b and priority of data 
processing 451c are stored for respective mode. Although 
5 according to the example, the high frequency clock mode is set 
to 200 MHz, the middle frequency clock mode is set to 100 MHz 
and the low frequency clock mode is set to 50 MHz, operation 
clock frequencies are not specified to these. 
;«l The power consumption 451a exemplifies maximum power 

CI -1 n 

U consumption at each operation clock mode. 

€i 

.|J The bus operation time 451b registers time used in unit 

III time controlling the bus in % display. For example, when the 

M unit time is 10 microseconds, 20 % indicates that time of 2 

ii- 

rill microseconds is used for each 10 microseconds 

f 

O The priority of data processing 451c is indicated by 10 

M 

stages from 1 to 10 in this example. Numeral 1 indicates the 
highest priority and numeral 10 indicates the lowest setting. 
When operation mode change requests are simultaneously 
outputted from a plurality of functional units, power 
20 consumption and bus operation time are assigned successively 
from functional units having higher priorities of data 
processing. 

Functional units having lower priorities, are assigned 

with power consumption and bus operation time respectively from 
25 remaining power consumption produced by subtracting power 
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consumption used in functional units having higher priorities 
from total power consumption and remaining bus operation time 
produced by subtracting bus operation time used by functional 
units having higher priorities from total bus operation time 
and are operated by operation modes {low operation clock 
frequencies) operated in the power consumption and the bus 
operation time. 

Next, an explanation will be given of a way of determining 
the priority of data processing. The more the real time 
processing is needed, the higher the priority is set. As 
conditions necessary for executing the real time processing, 
there are processing frequency and bus transfer speed (here, 
assigned to each functional unit as bus operation time) . In 
executing the real time processing, both factors are taken into 
consideration . 

For example, in image processing, it is necessary to set 
both of the operation frequency and bus transfer speed. In 
network control , although the operation frequency is not needed, 
the data transfer speed is frequently needed. Further, with 
regard to voice processing, real time data transfer without 
delay is needed. 

According to the embodiment, the priority of data 
processing is made to differ for respective operation mode. 
Therefore, for example, when both of the microprocessor 104 
and the image processing circuit 105 are operated at high 
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frequency operation mode (200 MHz) , the priority of the image 
processing circuit 105 becomes higher, however, when the 
microprocessor 104 is brought into high frequency operation 
mode (200 MHz) and the image processing circuit is brought into 
middle frequency operation mode (100 MHz) , the priority of the 
microprocessor 104 becomes higher. In this way, the priority 
can also be controlled to reverse by the operation mode. 

Although according to the embodiment, an explanation has 
been given by indicating the priority of data processing by 
10 stages, a method of setting the priority is not specified 
thereto. For example, the priority may be assigned by 8 bits 
and in this case, the priority can be selected from 256 
priorities . 

Next, an explanation will be given of a sequence of power 
consumption control and bus operation time control executed 
in the embodiment. The operation mode output signals 444 
through 447 are signals of 2 bits and a content of request is 
set as follows. 

(0, 0): Middle frequency operation mode request 
(0, 1): Low frequency operation mode request 
(1, 0): High frequency operation mode request 
(1 , 1) : Prohibition 

Assume that in Fig. 4, at time TO, the microprocessor 
104 , the image processing circuit 105 and the peripheral module 
107 are operated by low frequency operation mode and the voice 
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processing circuit 106 is operated at high frequency operation 
mode . 

Assume tliat at time Tl , the data transfer request 607 
is inputted from a peripheral bus to the peripheral module 107 . 
In accordance with the request, the peripheral module 107 outputs 
the request 447 for changing from low frequency operation mode 
to high frequency operation mode , to the power-execution control 
circuit 109. 

The power-execution control circuit 109 receives the 
operation mode change request 447. The clock control circuit 
401 is provided with a circuit of detecting reception of the 
operationmode change requests 444 through 447 and upon detecting 
the reception, the clock control circuit 401 starts operating 
to immediately generate a clock control signal . Upon receiving 
the operation mode change request 447 , the clock control circuit 
401 reads power consumption (0.15 W) and the priority of data 
processing (10) of the microprocessor 104 in low frequency 
operation mode, power consumption (0,15 W) and the priority 
of processing (8) of the image processing circuit 105 in low 
frequency operation mode, power consumption (0.4 W) and the 
priority of data processing (1) of the voice processing circuit 
106 in high frequency operation mode and power consumption (0.2 
W) and the priority of data processing (3) of the peripheral 
module 107 in high frequency operation mode, stored in the 
power-execution control table (refer to Fig. 3) , and calculates 
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power consumption assigned to the respective functional units 
in accordance with a flowchart diagram of Fig. 5. A detailed 
explanation will be given separately to the flowchart of Fig. 
5. 

Here, a total (0.9 W) of power consumption of the four 
functional units 107 through 107 does not exceed a limit of 
power consumption (1.5 W) and therefore, in accordance with 
the request of changing the operation mode of the peripheral 
module 107, the operation mode (clock frequency) of the 
peripheral module 107 is changed to high frequency mode. 

Next, in accordance with the operation mode determined 
by the clock control circuit 401, the bus control circuit 402 
reads bus operation time (5%) and the priority of data processing 
(10) of the microprocessor 104 in low frequency operation mode , 
bus operation time (12 %) and the priority of data processing 
(8) of the image processing circuit 105 in low frequency operation 
mode, bus operation time (5%) and the priority of data processing 
(1) of the voice processing circuit 106 in high frequency 
operation mode and bus operation time (40 %) and the priority 
of data processing (3) of the peripheral module (107) in high 
frequency operation mode, stored in the power-execution table 
404 (refer to Fig. 3), and calculates bus operation time assigned 
to the respective functional units in accordance with a flowchart 
diagram of Fig. 6. With regard to the flowchart of Fig. 6, 
a detailed explanation will be given separately. 
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Here, a total (62 %) of the bus operation time of the 
four functional units 104 through 107 does not exceed 100 % 
and therefore, the bus operation time necessary for all the 
functional units can be assigned. 
5 Successively, assume that at time T2 (Fig. 4) , an 

interruption 604 is inputted to the microprocessor 104 and the 
microprocessor 104 outputs the change request 444 from low 
frequency operation mode to high frequency operation mode. 
Similar to the case of time Tl, the power-execution control 
i3 10 circuit 109 determines operation modes (operation clocks) of 
the microprocessor 104 and the other functional units from power 
consumption and priorities of data processing in correspondence 
with operation modes of the respective functional units. 
Further, bus operation time of the microprocessor 104 and the 
g 15 other functional units is determined from bus operation time 
and priorities of data processing in correspondence with the 
operation modes of the respective functional units. Also in 
this case, similar to time Tl, a total of power consumption 
(1.35 W = 0.6 W +0.15 W + 0.4 W + 0.2 W) is equal to or smaller 
20 than the limit of power consumption, a total (77 % = 20 % + 
12 % + 5 % + 40 %) of bus operation time does not reach 100 % 
and therefore, the microprocessor 104 transits to high frequency 
operation mode and power consumption of the microprocessor 104 
becomes 0.6 W and the bus operation time becomes 20 %. 
2^ Assume that at time T3 , the image processing circuit 105 
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is designated to promote quality of image from themicroprocessor 

104 and the image processing circuit 105 outputs the request 

445 of changing from low frequency operation mode to high 

frequency operation mode. Similar to the cases of time Tl and 

5 time T2, the power-execution control circuit 109 determines 

operation modes (operation clocks) of the image processing 

circuit 105 and the other functional units f rompower consumption 

and priorities of data processi ngs . in correspondence with 

yj, operation modes of the respective functional units. Further, 

Q 10 bus operation time of the image processing circuit 105 and the 

ii% other functional units is determined from individual bus 

Q operation time and priorities of data proces sings in 

^% ' ~ 

s correspondence with the operation modes of the respective 

'IS functional units . 

m 

15 Assuming that the image processing circuit 105 is changed 

to high frequency operation mode, a total of power consumption 
becomes 1 . 8 W to exceed the limit of power consumption by adding 
0.6 W of the microprocessor 104 operated in high frequency 
operation mode , 0 . 6 W of the image processing circuit 105 assumed 

20 to operate in high frequency operation mode, 0.4 W of the 
processing circuit 105 operated in high frequency operation 
mode and 0.2 W of the peripheral module 107 operated in high 
frequency operation mode. 

Hence, power consumption of a functional unit having a 

25 low priority is controlled to reduce. All of the four functional 
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units are assumed to operate in high frequency operation mode 
and therefore, the priority of the microprocessor 104 is 4, 
the priority of the image processing circuit 2, the priority 
of the voice processing circuit 106 is 1 and the priority of 
the peripheral module 107 is 3 and therefore, the operational 
mode of the microprocessor 104 having the lowest order of the 
priority is lowered from high frequency to middle frequency. 
As a result, power consumption of the microprocessor 104 is 
reduced from 0.6 W to 0.3 W and accordingly, the total of power 
consumption becomes 1.5 W which is equal to or smaller than, 
the limit of power consumption. 

Bus operation time of the image processing circuit 105, the 
voice processing circuit 106 and the peripheral module 107 
operated in high frequency operation mode is respectively 50 %, 
5 % and 40 % and bus operation time of the microprocessor 104 
operated in middle frequency operation mode is 10 % and 
accordingly , the total exceeds 105 % . Therefore , the operation 
mode of the microprocessor 104 having a lower priority of data 
processing is changed from middle frequency to low frequency, 
the bus operation time is changed to 5 % and the total of the 
bus operation time is made to be equal to or smaller than 100 %. 
The operation mode of the microprocessor 104 becomes low 
frequency and therefore, power consumption of the 
microprocessor 104 becomes 0.15 W. 

As a result, at time T3 , according to operation modes 



25 



of respective functional units, the microprocessor 104 is 
brought into low frequency operation mode , the image processing 
circuit 105 , the voice processing circuit 106 and the peripheral 
module 107 are brought into high frequency operation mode. 

Although according to the embodiment, at time T3 , the 
bus operation time is made to be equal to or smaller than 100 % 
by changing the microprocessor 104 to low frequency operation 
mode, the sequence can easily be changed to a control sequence 
of leaving the microprocessor 104 to middle frequency operation 
mode and changing the peripheral module 107 having a secondarily 
low priority from high frequency operation mode to middle 
frequency operation mode. 

In this way, it is possible to control power consumption 
of the system LSI optimally in a range restrained to be equal 
to or smaller than the limit of power consumption by determining 
operation modes of respective functional units from power 
consumption and bus operation time and priorities of data 
processinqs _of the respective functional units. 

Fig. 5 and Fig. 6 are flowchart diagrams respectively 
showing control of power consumption and bus of the 
power-execution control circuit 109. Respective control 
procedures executed by the clock control circuit 401 and the 
bus control circuit 402 are shown by the flowcharts. 

At first, an explanation will be given of the control 
procedure of power consumption in reference to Fig. 5. 
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Step 1 : Changes of the operation mode change request 
signals 444 through 447 from the respective functional units 
are detected. When the change is detected, the operation 
proceeds to step 2. When the change is not detected, the 
operation proceeds to step 1 . 

Step 2: There is selected power consumption of each 
functional unit in accordance with its operation mode from power 
consumption 451a of each functional unit outputted from the 
power-execution control table 404 (refer to Fig. 3) . 

Step 3: There is assigned a budget of power consumption 
to each functional unit in accordance with an order or priority 
451c of each functional unit outputted from the power-execution 
control table 404 from functional units having higher priorities 
of data processing. 

Step 4: It is checked whether a total of the power 
consumption exceeds the limit of power consumption of LSI . When 
the total exceeds the limit of power consumption, the operation 
proceeds to step 5 and when the total does not exceed the limit 
of power consumption, the operation proceeds to step 6. 

Step 5: There is selected an operation mode (clock 
frequency) so that the power consumption is reduced successively 
from functional units having lower priorities. Successively, 
the operation returns to step 4. 

Step 6: The bus control circuit 402 is started. 

Step 7: End of the operation of the bus control circuit 
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402 is awaited. When the operation is finished, the operation 
proceeds to step 8. 

Step 8: There is selected a clock frequency in 
correspondence with the operation mode of each functional unit 
determined by the bus control circuit 402 and the clock control 
signals 414 through 417 are outputted. The operation proceeds 
to step 1. 

Successively, an explanation will be given of the control 
procedure with regard to bus operation time control in reference 
to Fig. 6. 

Step 1: Start of the clock control processing circuit 
401 is awaited. When the circuit is started, the operation 
proceeds to step 2 (step 6 of Fig. 5) . 

Step 2: There is selected bus operation time of each 
functional unit in accordance with unit operation mode 
determined by the clock control processing circuit 401 from 
individual bus operation time 451b of each functional unit 
outputted from the power-execution control table 4 04 (refer 
to Fig. 3) . 

Step 3: There is assigned a budget of bus operation time 
from a priority 451c of each functional unit outputted from 
the power-execution table 404 from functional units having 
higher priorities. 

Step 4: It is checked wither a total of all bus operation 
time exceeds 100 %. When the total exceeds 100 %, the operation 
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proceeds to step 5. When the total does not exceed 100 %, the 
operation proceeds to step 6. 

Step 5 : Operation mode is changed so that the bus operation 
time is reduced successively from functional units having lower 
priorities. The operation proceeds to step 4. 

Step 6: There is outputted the operation mode determined 
by the bus control circuit 402 to the clock control circuit 
401 (step 7 in Fig. 5) . 

Step 7 : The bus operation time is controlled in accordance 
with the operation mode of each functional unit. In accordance 
with the bus operation time with regard to the bus request signals 
434 through 437 from the respective functional units, bus 
acknowledge signals (bus operation time control signals) 424 
through 427 are outputted to the respective functional units. 
The operation proceeds to step 1. 

In this way, the clock control circuit 401 and the bus 
control circuit 402 execute simple control and therefore, can 
be realized in state machine, sequencer and PLA (programmable 
logic array) . Further, these circuits may be controlled by 
the microprocessor. 

Here , Fig . 7 shows a constitution of thebus control circuit 
402. Thebus control circuit 402 is constituted by a bus control 
510 and a bus arbiter 520. The bus control 510 controls the 
bus operation time in accordance with the flowchart explained 
in reference to Fig. 6. The bus arbiter 520 receives the bus 
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operation time 452 for each functional unit assigned by the 
bus control 510 and outputs the bus acknowledge signals (bus 
operation time control signals) 424 through 427 to respective 
functional units in accordance with the bus request signals 
434 through 437 from respective functional units so that the 
bus operation time of each functional unit becomes predetermined 
time . 

A system LSI may be operated to lower (or elevate) power 
source voltage supplied from outside from a request of a system 
constituted thereby. This is executed with an object of 
matching power source voltage with that of a peripheral LSI, 
an object of lowering power source voltage in order to reduce 
power consumption or an obj ect of elevating power source voltage 
in order to heighten an operational frequency. Further, when 
operated by a dry cell or a storage battery , power source voltage 
is lowered little by little over time. 

When power source voltage is changed in this way, even 
when a clock frequency is controlled by the power-execution 
control circuit 109 so that power consumption of LSI becomes 
equal to or smaller than the limit of power consumption, actual 
power consumption may differ from a result of calculation. In 
that case, it is necessary to accurately detect power source 
voltage supplied to the system LSI and calculate power 
consumption by using the voltage to thereby execute optimum 
power control. 
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Fig. 8 shows a constitution of the voltage detector 110 
used in such a case. The voltage detecting circuit 110 inputs 
the reference voltage Vref from outside and calculates araeasured 
value of power source voltage of the system LSI. 
5 That is , the reference voltage Vref is dividedby resistors 

Rl , R2 , R3 and R4 and respective divided voltages are designated 
by notations VI, V2 and V3 and the voltages and the power source 
voltage VDD are compared by comparators 501 through 503. When 
1^5^ an output of the comparator in the case in which the divided 

m 10 voltage is higher than VDD, is set to 0 and an output in the 
ii; case in which the divided voltage is lower than VDD is set to 

Q 1' a point of switching from 0 to 1 becomes the voltage of VDD 

m 

s The signal is formed into a numerical value (converted into 

[jj a voltage value) by an encoder 504 and is outputted to the internal 

15 bus 10. Thereby, the numerical value is read by the 
i"'"' microprocessor 104. 

When power consumption P of each functional unit written 
to the power-execution control table 404 is calculated from 
power source voltage V, since the power consumption is 
20 proportional to square of the voltage and therefore, when 
actually measured power source voltage becomes Vm, power 
consumption Pm is calculated by Pm=PVm2/V^. By rewriting and 
storing the value of Pm at an area of power consumption for 
each functional unit of the power-execution control table 404, 
25 calculation of power consumption of LSI becomes more accurate. 
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Further, when the measured value of the power source 
voltage is intended to measure further accurately, numbers of 
the voltage dividing resistors and the comparators may be 
increased. 

Further , when the respective functional units are operated 
by separate voltages, the voltage detectors 110 may be mounted 
for the respective voltages. 

According to the embodiment, in the system LSI mounted 
with a plurality of functional units, by utilizing for each 
functional unit the power consumption in accordance with the 
operation mode (operation clock frequency) as well as the bus 
operation time necessary for the real time processing and the 
priority of data processing of each functional unit, the clock 
frequency and the bus operation time of each functional unit 
pi 15 are controlled, thereby, while maintaining the power 
M consumption of the system LSI to be equal to or smaller than 

the limit of power consumption (upper limit value of power 
consumption) , the real time processing of the functional unit 
having a higher priority can be realized, thereby, power of 
20 the system LSI having high function can be controlled by low 
power consumption. 
(Embodiment 2) 

Fig. 9 shows an embodiment in which information of power 

consumption, individual bus operation time and order of data 
25 processing of respective functional units are stored together 
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to an external memory 500. In Fig. 9, numeral 108 designates 
an external memory control circuit for reading information 
stored in the external memory 500 and in initializing, the 
microprocessor 104 reads information of the external memory 
500 by way of the external memory control circuit 108 and writes 
the information to the power-execution control table ,404 at 
inside of the power-execution control circuit 109. Operation 
thereafter is similar to that in the case of Embodiment 1. 

Further, according to the embodiment, also with regard 
to the external memory control circuit 108 , similar to the other 
functional units 104 through 107, power and bus operation time 
can be controlled. 

By the embodiment, even after finishing to design LSI, 
flii data necessary for controlling power and controlling bus 

gl 15 operation time can be supplied from the external memory and 
H therefore , by only rewriting data of the external memory , change 

of specification of a system can easily be dealt with. 
(Embodiment 3) 

Fig. 10 shows an embodiment in which information with 
20 regard to power consumption, individual bus operation time and 
priority of data processing of each functional unit are stored 
by the functional unit per se. In Fig. 10, numerals 2 04 through 
207 designate power-execution memories constituting sub memory 
means provided respectively to the functional units 104 through 



33 



Fig. 11 shows information stored to the power-execution 
memory 204. The memory circuit 204 constitutes a basis of 
information stored to the power-execution control table 404 
and there are three kinds of high frequency clock mode (200 
5 MHz) , middle frequency clock mode (100 MHz) and low frequency 
clock mode (50 MHz) as operation modes and in each mode, power 
consumption, individual bus operation time and priority of data 
processing are stored. 
i„i In initializing, the microprocessor 204 respectively 

ll 10 reads the information from the memory circuits 204 through 207 

M 

,|| and writes the information to the power-execution control table 

O inside of the power-execution control circuit 109 

m 

s Operation thereafter is similar to that in the case of Embodiment 

m 1 . 

ri* 

2{ 1^ Sy previously providing each functional unit with the 

information of power consumption, bus operation time and 
priority in this way, when the system LSI is developed, even 
in the case in which kinds and a number of pieces of functional 
units are changed at respective design, various kinds of system 
20 LSI can be developed without changing a basic constitution of 
software applications of the microprocessor 104 for storing 
power consumption, bus operation time and priority to the 
power-execution control circuit 109 and the power-execution 
control circuit 109. 
2 5 Further, although according to the embodiment, an explanation 
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has been given such that information with regard to power 
consumption and bus operation time is stored to the 
power-execution memories 204 through 207, by writing basic 
function, basic specification, version information, bug 
5 information and the like of the functional unit to the memory 
circuit of the respective functional unit, even when the system 
LSI is redesigned by adding or deleting the functional units, 
by only reading data of the memory circuits, the internal 
constitution of the system LSI is known and therefore, a control 

b 

0 10 software for controlling the system LSI can correctly be formed 
!|| (corrected) . 

Q As has been described in details, according to the 

invention, there can be realized the system LSI capable of 
[W executing the real time processing by constant power consumption 

2! "^^ smaller. Thereby, there can be provided a semiconductor 

^■"^ device at a low cost capable of mounting a number of functional 

units without using a package having a high heat radiating effect 
or forced cooling. 

Further, by previously storing power consumption, bus 
20 operation time and priority to the respective functional unit 
in the system LSI, in initializing, the control software for 
reading information of these can be made the same and the 
constitution of the power-execution control circuit can be made 
the same and power control sequences of various kinds of system 
25 LSI can be standardized. 



Further, even when the system LSI is used under any 
operational conditions, the power consumption does not exceed 
an upper limit value ( constant value) and therefore , reliability 
of a semiconductor device to which the invention is applied 
and a system adopting the apparatus can be promoted. 
Industrial Applicability 

The semiconductor device according to the invention can 
execute a number of kinds of functions, further, the 
semiconductor device is fabricated at low cost and therefore, 
applicable widely in the fields of communication, civil 
apparatus and the like starting from multimedia. 
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CLAIMS 



1. A semiconductor device comprising: 

a plurality of functional units connected to each other 
5 by an internal bus , 

operation mode outputting means provided to each of said 
plurality of functional units for outputting a request of 

changing an operation mode at a frequency in operation to other 
operation mode in accordance with a data processing content, 
10 and 

power-execution controlling means for controlling a 
frequency of a clock signal and a bus operation time used by 
the functional unit executing a processing so that a total of 
power consumption of the functional unit executing the 

15 processing in said plurality of functional units does not exceed 
a limit of power consumption provided to the semiconductor device 
in accordance with said request of changing the operation mode. 

2 . The semiconductor device according to claim 1 , wherein 
said power-execution controlling means comprises; 

20 means for storing information with regard to the power 

consumption, the individual bus operation time and a priority 
of data processing for respective operation modes of said 
plurality of functional units, and 

means for assigning the power consumption and the 

25 individual bus operation time to the functional block executing 
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said processing successively from the functional blocks having 
higher priorities of data processing by using said information, 
setting the frequency of said clock signal in correspondence 
with the assigned power consumption and setting the assigned 
individual bus operation time as said bus operation time, and 
supplying a clock control signal for causing to operate at the 
set frequency of the clock signal and a bus operation time control 
signal for causing to use the set bus operation time to the 
functional unit executing said processing. 



^1 10 3. The semiconductor device according to claim 2, 

hi 

ill; wherein the means for storing said information comprises 

i; 

Ci a power-execution control table for storing said information. 



and 

wherein the means for supplying said clock control signal 



ni. 
rii 

«J 15 and the bus operation time control signal to the functional 



unit executing saidprocessing comprises a clock control circuit 
and a bus control circuit respectively generating and outputting 
said clock control signal and the bus operation time control 
signal . 

4 . The semiconductor device according to any one of claims 
1 through 3, wherein each of said plurality of functional units 
includes ; 

clock selecting means for selecting a clock signal having 
a corresponding frequency from the plurality of clock signals 
by receiving said clock control signal, and 
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data processing means operating with the selected clock 
signal and setting a transfer speed of data transmitted to the 
bus in accordance with the bus operation time control signal. 

5 . The semiconductor device according to any one of claims 
1 through 3, wherein said power-execution controlling means 
includes means for detecting a change of the operation mode 
in said request of changing the operation mode and starts an 
operation of controlling the frequency of the clock signal and 
the bus operation time at a time point of detecting any change 
of the operation mode of the functional unit executing- the 
processing. 

6 . The semiconductor device according to any one of claims 
1 through 3, wherein said power-execution controlling means 
includes means for calculating a total of the power consumption 
of the functional unit executing the processing and controls 
to lower the clock frequency of the functional unit having a 
low priority of data processing so that a total of the calculated 
power consumption does not exceed the limit of power consumption 
provided to the semiconductor device. 

7 . The semiconductor device according to any one of claims 
1 through 3, further comprising: 

voltage detecting means for detecting a voltage of a power 
source used internally, 

wherein said power-execution controlling means 
calculates a total of the power consumption of the functional 
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unit executing said processing by the voltage detected by using 
said voltage detecting means . 

8. The semiconductor device according to claim 1 , further 
comprising: 

5 an external memory for storing the information with regard 

to the power consumption, the individual bus operation time 
and the priority of data processing for respective operation 
modes of said plurality of functional units, and 

external memory controlling means for controlling 
10 operation of the external memory, 

wherein said power-execution controlling means 
comprises; storing means for storing the information of the 
external memory read by the external memory controlling means, 
and 

1^ means for assigning the power consumption and the 

individual bus operation time to the functional block executing 
said processing successively from the functional blocks having 
higher priorities of data processing by using the information 
stored to said storing means, setting the frequency of said 

20 clock signal in correspondence with the assigned power 
consumption and setting the assigned individual bus operation 
time as said bus operation time, and supplying a clock control 
signal for causing to operate at the set frequency of the clock 
signal and a bus operation time control signal for causing to 

25 use the set bus operation time to the functional unit executing 
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said processing. 

9. The semiconductor device according to claim 1, 
wherein each of said plurality of functional units 

includes sub memory means for storing the information with regard 
5 to the power consumption, the individual bus operation time 
and the priority of data processing for respective operation 
modes , and 

wherein said power-execution controlling means includes; 
storing means for reading and storing the information 

10 stored to the sub memory means, and 

means for assigning the power consumption and the 
individual bus operation time to the functional block executing 
said processing successively from the functional blocks having 
higher priorities of data processing by using the information 

15 stored to the storing means , setting the f reguency of said clock 
signal in correspondence with the assigned power consumption 
and setting the assigned individual bus operation time as said 
bus operation time, and supplying a clock control signal for 
causing to operate at the set freguency of the clock signal 

20 and a bus operation time control signal for causing to use the 
set bus operation time to the functional unit executing said 
processing. 

10. A semiconductor device comprising: 

a plurality of functional units connected to each other 
2 5 by an internal bus, and 
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a power-execution control circuit for controlling and 
setting a frequency of a clock signal and a bus operation time 
used by the functional unit executing a processing so that a 
total of power consumption of the functional unit executing 
5 the processing in said plurality of functional units does not 
exceed a limit of power consumption provided to the semiconductor 
device and outputting a clock control signal and a bus operation 
time control signal for causing the functional unit executing 
the processing to operate at the set frequency of the clock 

10 signal and the set bus operation time, 

wherein each of the plurality of functional units 
includes; a clock selector for selecting the clock signal of 
a corresponding frequency from the plurality of clock signals 
by receiving the clock control signal, 

15 a data processing circuit operating with the selected 

clock signal and setting a transfer speed of data transmitted 
to the bus in accordance with the bus operation time control 
signal , 
and 

20 an operation mode output circuit for outputting a request 

of changing an operation mode at a frequency in operation to 
other operationmode in accordance with a data processing content , 
and wherein said power-execution control circuit generates and 
outputs said clock control signal and said bus operation time 

25 control signal in accordance with said request of changing the 
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operation mode. 

11. The semiconductor device according to claim 10, 
wherein said power-execution control circuit comprises; 

a power-execution control table for storing information 
5 with regard to the power consumption, the individual bus 
operation time and priorities of data processing for respective 
operation modes of said plurality of functional units, 

a clock control circuit for assigning the power 
: consumption to the functional block executing said processing 

b 

^1 10 successively from the functional blocks having higher 
■J?: priorities of data processing by using said information and 

i^fi outputting said clock control signal by setting the frequency 

s; of the clock signal in correspondence with the assigned power 

consumption, and 

SI 15 a bus control circuit for assigning the individual bus 

CI 

^ operation time to the functional block executing said processing 

successively from the functional blocks having the higher 
priorities of data processing and outputting said bus operation 
time control signal by setting the assigned individual bus 
20 operation time as said bus operation time. 

12. The semiconductor device according to claim 10 or 
11, wherein said power-execution control circuit starts an 
operation of outputting said clock control signal and said bus 
operation time control signal at a time point of outputting 

25 a request of changing any operation mode of the functional unit 
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executing the processing. 

13. The semiconductor device according to claim 10 or 
11, wherein said power-execution control circuit includes a 
circuit for calculating a total of the power consumption of 
the functional unit executing the processing and controls to 
lower the clock frequency of the functional unit having a lower 
priority of data processing so that a total of the calculated 
power consumption does not exceed a limit of power consumption 
provided to the semiconductor device. 

14. The semiconductor device according to claim 10 or 
11, further comprising: 

a voltage detector for detecting a voltage of a power 
source used internally, 

wherein said power-execution control circuit calculates 
a total of the power consumption of the functional unit executing 
said processing by using the voltage detected by the voltage 
detector . 
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